Abstract. In April 1996, a downconverting receiver was operated in Churchill, Manitoba, Canada, to increase the statistics about the recently discovered fine structure of auroral roar emissions. Auroral roar is found to be both structured and unstructured. A wide variety of previously unknown tonal features drifting in a complicated manner were recorded. These structured features can be classified according to their duration, frequency drift, and grouping with like features. Typically, 95% of the structured features last less than i s. The slope of drifting features is more commonly negative than positive with a magnitude typically less than a few kHz s -1 and a maximum of --800 kHz s -1. The minimum bandwidth of features is 6 Hz or less, and typical separation between similar features is -• 400 Hz. These measurements form a basis for reviewing proposed generation mechanisms of auroral roar including a localized source model and laser cavity mechanism.
Introduction
The auroral ionosphere is a natural emitter of radio waves, and many of these emissions are observable at ground level. Several types of radio emissions have been well documented using a variety of ground-The campaign window was chosen to occur near the equinox and during a peak in the geomagnetic activity as measured by the Kp index because previous studies have shown that occurrences of auroral roar tend to maximize at these times [Weatherwax et al., 1995] . 
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window was extended until quiet radio conditions existed for a full hour. When auroral roar was detected with the PSFR, the DCR cassette tape was started, and the DCR was tuned to the desired frequency. The audio output of the DCR allowed interesting portions of the auroral roar to be sampled. During prolonged periods of radio quiet the tape was stopped, but often the tape was left recording during these quiet periods between roar to capture the onset of some events. In addition, after the normal observing hours the DCR was set to a likely frequency and left to run in automatic mode for 90 min each night. Auroral roar was recorded on l l of the 19 nights of observation. Of 36 audio cassettes recorded in the field, 17 contain auroral roar events for an estimated 600 min of total event time. Thus the campaign was successful in increasing by several orders of magnitude the quantity of high-time and high-frequency resolution auroral roar data. The data revealed a much greater variety of fine structure features than had been recorded previously.
Observations
At Dartmouth the audio cassettes were played back into a computer from a standard tape deck through a postemphasis analog filter to restore the signal response. A prerecording deemphasis was used to avoid tape saturation at high frequencies, caused by the normal audio preemphasis. The system then provides a fiat response up to 12 kttz with added dynamic range at high frequencies at the expense of a poorer signal to noise ratio. A 32-kHz sample rate was used to digitize the analog tapes. Survey sonograms of the digitized data were made for each cassette tape. Furthermore, the resulting large digital data files were split into 20-Mb sections containing roughly 5 rain (312.5 s) of data each, and more detailed survey plots of these files were created to look for interesting events. From these survey plots, interesting times were selected. Owing to the large quantity of data, only the most interesting tapes were processed based on notes made during the recordings while at Churchill, resulting in •600 min of digitized data.
From this initial survey it became apparent that a major classification could be made based on the appearance of the fine structure. That is, the aurora] roar, when viewed at high-time and high-frequency resolution, falls into one of two broad categories: structured or unstructured. An unstructured event appears as a uniform enhancement of noise, although sometimes it appears patchy in time and/or frequency. •-•,, .... , ...... . ,, Unlike the case of AKR, the cyclotron maser mechanism at ionospheric altitudes is characterized by a low growth rate [Weatherwax et al., 1995; Yoon et al., 1996 Yoon et al., , 1998 ]. Hence, it' the laser-feedback mechanism is to explain the fine structure of auroral roar, the reflection coefficient at the density cavity boundaries must be of the order of 99%, which seems unlikely, especially if the cavity walls are not perpendicular to the wave path. Nevertheless, it is instructive to consider the plausibility of the laser-feedback mechanism from a purely geometric perspective. Figure 7 illustrates a density cavity with walls making an angle c• with vertical. A density cavity with this geometry is realized by considering a horizontal density cavity and an upward density gradient. The result is a field-aligned cavity with vertically converging walls similar to the geometry used by Calvert in principle, but it is unlikely that the cyclotron maser instability is the source of the energy because its growth rate is too low. Finally, it is significant that the timescales of the fine structure features often greatly exceed the inverse electron-neutral collision frequency, implying that features of individual batches of electrons would be isotropized by collisions on a timescale shorter than the observed features. In any case, only thermal electrons (of the order of 0.1 eV) have low enough parallel drift speeds to match the observed frequency drifts and frequency ranges of the wave features. It remains a theoretical challenge to explain these fine structure features of auroral roar emissions.
